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PACKET FLOW CONTROL IN SWITCHED 
FULL DUPLEX ETHERNET NETWORKS 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates generally to computer net 

working and, in particular, to improving link bandwidth uti 
liZation in a packet-switched network. More particularly, the 
present invention relates to a system, method, program prod 
uct, and data structure for selectively adjusting pause time 
?ow control in packet-switched networks. Still more particu 
larly, the present invention relates to a pause time ?ow control 
technique having applicability in full-duplex Ethernet Local 
Area Network (LAN) systems conforming to the IEEE stan 
dard 802.3x. 

2. Description of the Related Art 
Network devices generally utiliZe a layered communica 

tion model such as the open systems interconnection (OSI) 
model developed by the International Organization for Stan 
dards (ISO) for providing structured processing of informa 
tion. The OSI layered model is useful for separating the 
technological functions of each layer, and thereby facilitating 
the modi?cation or update of a given layer without detrimen 
tally impacting the functions of neighboring layers. 

The OSI model de?nes layered processing that facilitates 
?exibly structured network communications functions relat 
ing to data transmission, inter-node routing, initiating, estab 
lishment and maintenance of a communication link between 
nodes, data transfer having a speci?ed quality of service, etc. 
In accordance with established OSI convention, the lower 
most layers comprise a media access control (MAC) layer and 
a physical layer. The physical layer encodes and decodes data 
into signals that are transmitted across a transmission 
medium, such as an electronic or ?ber optic cable. The physi 
cal layer further includes an interface connector that is con 
?gured and operable to adaptively communicate across the 
transmission medium. 

The most prominent protocol for controlling network traf 
?c at the lower physical and MAC layers in local area net 
works (LANs) is known as Ethernet. Ethernet is packet-based 
and de?nes signal paths and signaling protocol for the physi 
cal layer, and packet formats and protocols for the MAC/data 
link layer of the OSI model. Ethernet is primarily standard 
iZed as IEEE standard 802.3. Ethernet has become the most 
widespread LAN technology in use during the 1990’s to the 
present, and has largely replaced all other LAN standards 
such as token ring, FDDI, and ARCNET. 

Congestion occurs in Ethernet transmissions when the 
bandwidth of a given network link is exceeded, resulting in 
transmission errors, lost data and/or substantial delays in data 
transmission. Conventional ?ow control techniques for 
addressing congestion typically involve sensing tra?ic levels 
at one or more network nodes, strategically distributing con 
trol-type packets to notify potentially affected nodes of a 
detected congestion condition, and delaying data packet 
transmission to/from speci?ed nodes in accordance with an 
underlying ?ow control algorithm. 

Flow control in Ethernet systems may be implemented in 
one or more of a variety of possible techniques. For example, 
high tra?ic experienced by a particular port in an Ethernet 
adapter, switch, or similar receiving device may cause the 
receive queue associated with that port to reach a predeter 
mined threshold “overrun” value. Conversely, a relative low 
tra?ic condition experienced over a period of time at the input 
port may result in the associated receive queue dropping to a 
pre-speci?ed “underrun” threshold level. Convention Ether 
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2 
net ?ow control includes control frame techniques for 
addressing both overrun and underrun conditions. Speci? 
cally, responsive to a detected overrun condition, the host 
device driver, or other receiving device, generally instructs 
the remote transmitting device to pause data transmissions 
such that data accumulated in the receive queue may drain to 
level such that an actual overrun condition (ie packets 
dropped due to input queue space unavailability) is prevented. 
In Ethemet/IEEE 802.3x-compliant systems, the recipient 
Ethernet adapter sends an “XOFF” pause MAC control frame 
to the transmitting device. The XOFF pause frame includes a 
pause time ?eld specifying a pause time value over which the 
transmitting device is directed to desist data transmissions to 
the receiving adapter. If, as re?ected by the receiving adapter 
packet receive queue, the overrun condition adequately eases 
(e.g. receive queue falls below a pre-speci?ed “underrun” 
threshold level) before expiration of the speci?ed pause time 
value, the receiving adapter may prompt resumption of nor 
mal full duplex transmission by sending a second MAC con 
trol frame having a pause time value of Zero. Such a pause 
time control frame having a Zero pause time value for prompt 
ing resumption of full duplex transmission is often referred to 
as an “XON” frame. 

A problem with convention XOFF and XON Ethernet ?ow 
control relates to a lack of adaptiveness to changing traf?c 
conditions. Speci?cally, convention 802 .3x pause time values 
are statically set typically by the host device driver program 
mer in accordance with host processing speed. The XOFF 
pause time value is typically conservatively set to a higher 
than-optimal value given the priority that must be given to 
preventing overrun conditions in the receive FIFO queue. The 
conservatively set pause time value results in wasted link 
bandwidth. 
From the foregoing, it can be appreciated that a need exists 

for an improved Ethernet ?ow control technique whereby the 
pause time value of XOFF frames and issuance of XON 
frames are cooperatively determined in accordance with 
changing traf?c conditions. The present invention addresses 
this and other needs unresolved by the prior art. 

SUMMARY OF THE INVENTION 

A method, system, and computer program product for con 
trolling data packet traf?c ?ow into a link partner device such 
as an ethemet adapter are disclosed herein. In one embodi 

ment, an occupancy level of an adapter receive queue or 
buffer is monitored to detect a receive queue overrun or 
underrun condition or event. The detected overrun or under 
run condition or event is utiliZed as the criteria for adjusting a 
pause time value within a pause time ?ow control frame. The 
pause time ?ow control frame is transmitted from the link 
partner device to a corresponding remote link partner device 
to pause data packet transmission in accordance with the 
adjusted pause time value. 
The above as well as additional objects, features, and 

advantages of the present invention will become apparent in 
the following detailed written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself 
however, as well as a preferred mode of use, further objects 
and advantages thereof, will best be understood by reference 
to the following detailed description of an illustrative 
embodiment when read in conjunction with the accompany 
ing drawings, wherein: 
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FIG. 1 is a high-level block diagram illustrating an exem 
plary network device implementing a pause time control 
adjustment feature in accordance With the present invention; 

FIG. 2 depicts a block diagram representation of an exem 
plary MAC pause frame generated and transmitted by the 
netWork device shoWn in FIG. 1; 

FIG. 3 is a high-level ?oW diagram illustrating steps per 
formed during overrun avoidance in accordance With one 
embodiment of the present invention; 

FIG. 4 is a high-level ?oW diagram depicting steps per 
formed during underrun avoidance in accordance With one 
embodiment of the present invention; and 

FIG. 5 is a high-level ?oW diagram illustrating steps per 
formed during receive FIFO underrun XOFF adjustment in 
accordance With one embodiment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 

EMBODIMENT(S) 

The present invention is generally directed to a method, 
system and computer program product for adjusting pause 
frame control data to improve bandWidth utiliZation and pre 
vent data loss in a packet-sWitched netWork betWeen link 
partners. As utiliZed herein, “link partners” generically refers 
to netWork endstations such as Workstations or computers, or 
intermediate nodes such as sWitches, that observe and employ 
pause time How control techniques such as that set forth in the 
IEEE 802.3x Ethernet standard. It should be noted that While 
the embodiments expressly depicted in the ?gures relate spe 
ci?cally to a computer ho st system having an Ethernet adapter 
con?guration, the present invention is not so limited, and may 
be implemented in other link partner forums such as an Eth 
ernet sWitch. 

The invention enables dynamic adjustment of the pause 
time value encoded in a given pause time How control packet, 
referred to herein generically as an XOFF frame. The pause 
time value, alternately depicted and referred to herein as a 
TXOFF value, may be increased, decreased, or left unchanged 
depending on the current and recent past traf?c conditions as 
re?ected by detected overrun or underrun conditions and/or 
trends. The detected overrun and underrun conditions are 
preferably detected as relative occupancy levels Within a 
receive queue in the netWork adapter or other Ethernet link 
partner such as a sWitch that employs pause-type ?oW control. 

In one embodiment, the invention is directed to an Ether 
net-compatible method and system in Which monitoring cir 
cuitry and/or program modules are utiliZed to track a How 
control event, such as overrun and underrun events, and set or 
reset the TXOFF value accordingly. More speci?cally, the 
TXOFF value is incremented by one or more pause time units 
responsive to a detected overrun event such that the pause 
time duration is dynamically adjusted upWardly responsive to 
increases in incoming adapter data traf?c. The present inven 
tion further provides a mechanism for decrementing T XOFF. 
Namely, an underrun XOFF adjust feature includes monitor 
ing circuitry and/or program modules for detecting and 
responding to an underrun condition in Which the netWork 
adapter receive queue falls to or beloW a speci?ed non-Zero 
threshold. In response to a detected underrun condition in the 
adapter receive queue, the underrun XOFF adjust feature 
determines Whether or not the underrun condition Was pre 
ceded by an overrun condition and if so refrains from decre 
menting the T XOFF value. If the presently detected underrun 
condition Was not preceded (immediately or Within a speci 
?ed time interval) by an overrun event, a further determina 
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4 
tion is made of Whether the number of detected underrun 
events exceeds a speci?ed threshold, and if so, the TXOFF 
value is decremented. 

With reference noW to the ?gures, Wherein like reference 
numerals refer to like and corresponding parts throughout, 
and in particular With reference to FIG. 1, there is depicted a 
high-level block diagram illustrating an exemplary netWork 
device 102 implementing dynamically adjustable pause time 
How control in accordance With the present invention to pre 
vent transient packet loss conditions While maximiZing avail 
able link bandWidth. Conventional pause time How control 
techniques used in Ethernet full-duplex transmissions gener 
ally employ a pre-speci?ed pause time value (often pro 
grammed into the host device driver) that is utiliZed as the 
pause time parameter for each ?oW control frame delivered 
from a recipient station. In contrast, netWork device 102 
includes functionality for dynamically adjusting a pause time 
control parameter in accordance With netWork tra?ics condi 
tions as re?ected by packet receive buffer occupancy such 
that How control adjustment optimally tracks netWork tra?ic 
transients in a timely manner. By enabling upWard adjustment 
of pause time values to address overrun events and providing 
a corresponding doWnWard pause time adjustment mecha 
nism that preserves priority for overrun avoidance and pro 
tects against steep intermediary tra?ic transients, the present 
invention maximiZes bandWidth utiliZation and data through 
put by transmitting feWer pause control frames or pause 
frames specifying shorter pause time durations than in con 
ventional systems. 

In the depicted embodiment, netWork device 102 is an 
endstation type “link partner” and may be any netWork end 
station (e.g. Workstation, computer, etc.) that implements 
pause time How control such as that speci?ed by the 802.3x 
standard for full-duplex ethernet. In a preferred embodiment, 
netWork device 102 is compliant With one or more Ethemet/ 
IEEE 802.3x standards. The invention is applicable to Ether 
net standards providing megabits per second (Mbps) and 
Gigabits per second (Gbps) transmission speeds. When oper 
ating With unshielded, tWisted pair (U TP) cable as a transmis 
sion medium, these netWorks are commonly referred to as 
IOBASE-T, IOOBASE-T and IOOOBASE-T (or Gigabit Eth 
ernet) netWorks, respectively. Pause frames (such as the pause 
frame 200 described With reference to FIG. 2) generated by 
the netWork device 102 may comply With any of these stan 
dards, or other existing or future communication standards 
utiliZing pause frames. 
NetWork device 102 is communicatively coupled to a local 

area netWork (LAN) 105 to Which at least one other netWork 
device, denoted node B 106 is also coupled. The transmission 
media coupling devices 102 and 106 may comprise coaxial 
cable, unshielded or shielded tWisted pair cable, or ?ber optic 
cable. Alternatively, devices 102 and 106 may communicate 
via Wireless interface as part of LAN 105. 
As further depicted in FIG. 1, netWork device 102 includes 

an Ethernet adapter unit 108 Which may be contained in a 
netWork interface card (N IC). Ethernet adapter 108 includes 
Ethernet media access control (MAC) unit 118 communica 
tively coupled to a physical layer processing unit PHY 120. 
PHY unit 120 may be a standard integrated circuit (IC) chip 
having specialiZed circuitry necessary to interface With the 
type of transmission media used by LAN 105. The physical 
transmission media may include ?ber, unshielded tWisted 
pair (UTP), shielded tWisted pair (STP), etc. MAC unit 118 
schedules and controls the access of data, including pause 
frames, to PHY unit 120. The circuitry Within PHY unit 120 
encodes and decodes data into signals that are transmitted 
across LAN 105, and further includes a physical connector 
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(not expressly depicted) to the LAN transmission medium. 
The illustrated functionality may be located on an NIC or 
main circuit board in the form of one or more integrated 
circuits. In addition, one or more of the depicted blocks or 
modules constituting netWork device 102, may be imple 
mented in any combination of software, ?rmware and/or 
hardWare. 

Ethernet adapter 108 further comprises a host interface 
module 112 that interfaces host communications betWeen a 
host bus 113 and MAC unit 118. For example, assuming host 
bus 113 is a peripheral component interconnect (PCI) bus, 
host interface 112 Would be a PCI bus interface. 

The generation and transmission of pause time control 
frames to LAN 105 is triggered by device driver 110 upon 
detection of a speci?ed ?oW control “event.” It is understood 
in the art that How control events may be detected via ?oW 
control enable signals originating from a variety of sources. 
Such ?oW control enable signals may be asserted by any of a 
number of modules or tasks, some of Which are indicative of 
netWork congestion conditions. While not expressly depicted 
in FIG. 1, these modules may include, for example, con?gu 
ration modules, memory index modules, mirror timer mod 
ules, etc. Processor interrupts, multitasking, and excessive 
netWork broadcasts are exemplary of How control conditions 
that may necessitate transmission of pause time control 
frames. 

The pause time adjustment feature of the present feature is 
primarily directed monitoring and detecting ?oW control 
events associated With receive input buffer occupancy. With 
continued reference to FIG. 1, adapter 108 further includes a 
pair of memory devices for buffering packet/ frame data pass 
ing betWeen MAC unit 118 and host interface 112. Speci? 
cally, MAC unit 118 includes associated transmit and receive 
random access memory (RAM) buffers 114 and 116, respec 
tively, for buffering packet data delivered to and sent from 
adapter 108. A monitor function, such as may be performed 
by device driver 110 and/or host interface 112 monitors the 
occupancy state of receive buffer 116 to determine if a How 
control condition remains in effect. 

FIG. 2 is a diagram of the various frame ?elds of an exem 
plary pause time How control frame (alternately referred to as 
a How control packet or How control frame) in the form of an 
ethernet MAC control frame 200 transmitted by the netWork 
device 102 of FIG. 1. MAC pause frame 200 is substantially 
compliant With Ethernet standard 802.3x and generally com 
prises a preamble ?eld 202, a destination address ?eld 204, a 
source address ?eld 206, a type ?eld 208, an opcode ?eld 210, 
a pause time ?eld 212, and a cyclic redundancy check (CRC) 
?eld 214. Central to the concept of the invention, pause time 
?eld 212 contains an adjustable value specifying the time 
period over Which the sending node, such as node B 106, is 
requested to halt transmission of data to the receiving node. 

Preamble ?eld 202 contains data that speci?es to the 
remote node that a frame is being transmitted, and may fur 
ther include “start-of-frame” data that serves a synchroniZa 
tion function. Preamble ?eld 202 is folloWed by destination 
address ?eld 204 and a source address ?eld 206 Which indi 
cate, respectively, the netWork addresses of the remote device 
and ho st device. 

Type ?eld 208 identi?es MAC pause frame 200 as a MAC 
control frame in contrast to a data frame. The opcode ?eld 210 
further identi?es the MAC control frame as a PAUSE frame. 
As previously noted, the pause time ?eld 212 speci?es the 
timer value for pausing transmissions from the remote node to 
the link partner sending MAC pause frame 200. Consistent 
With current Ethernet convention, the pause time value may 
be measured in units of “pause quanta”, from a total of 512 
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6 
such bit times. For example, if pause time ?eld 212 speci?es 
250, the remote node receiving MAC pause frame 200 
responds by halting data packet transmission for 128,000 bit 
times (250 multiplied by 512). An exemplary range of pause 
time values may be 0 to 65535 pause quanta. Thus, netWork 
device 102 may request, With one MAC pause frame 200, that 
transmission be inhibited for 33,553,920 bit times (33 .554 ms 
for Gigabit Ethernet). 

Finally, MAC pause frame 200 further includes CRC ?eld 
214, Which is typically a bit string value generated by netWork 
device 102 and compared by the receiving remote node With 
a recalculated version to verify transmission integrity. 
When a station, such as remote node B 106, receives a 

MAC control frame With the pause time ?eld 212 and asso 
ciated pause opcode, it is required to stop transmissions for a 
time equal to the pause time parameter speci?ed in pause time 
?eld 212. In this manner, if netWork device 102 is congested 
as re?ected by an overrun condition being detected in receive 
buffer RAM 116, a control frame such as MAC control frame 
200 may be generated and delivered to instruct the end sta 
tions to stop transmitting data to device 102. 

FIG. 3 is a high-level ?oW diagram illustrating steps per 
formed during overrun avoidance in accordance With one 
embodiment of the present invention. The process begins as 
depicted at steps 302 and 304 With a pre-speci?ed default 
value for TXOFF being used for MAC pause frames (i.e. XOFF 
frames) delivered by a link partner such as netWork device 
102 folloWing initialiZation and commencement of full-du 
plex communications. Next, as illustrated at step 306 the 
receive FIFO buffer (or equivalent input memory device stor 
ing incoming packet data) is monitored to detect an overrun 
?ow condition. As utilized herein, and as is knoWn in current 
implementations of 802.3x Ethernet ?oW control, an overrun 
condition does not necessarily indicate absence of any further 
occupancy in the receive buffer. Instead, an overrun condition 
may detected using reference registers such as may be 
deployed Within the adapter to indicate When occupancy 
Within the receive buffer has reached or exceeded a speci?ed 
threshold (eg 85%, 92%, etc) that is less than 100%. 

In response to detecting an overrun condition, pause time 
control module 122 increases the present T XOFF value by one 
or more temporal or transactional units as depicted at step 
308. In a preferred embodiment in Which netWork device 102 
includes an Ethernet adapter 108 employing 802.3x pause 
time How control, the T X0 FF value is increased by one or more 
pause quanta. In an alternate embodiment, the pause value 
may be expressed in transactional terms directing the remote 
station to desist further data packet transmission until it 
receives one or more XON packets. In such a case, the upWard 
adjustment depicted at step 308 may comprise specifying a 
higher transactional threshold condition such as Wait until 
tWo XON frames received before resuming data packet trans 
mission. The overrun avoidance process depicted in FIG. 3 
concludes With an XOFF packet generated and delivered to 
the remote station (step 310) and the process resuming With 
receive FIFO overrun monitoring at step 306. 

Referring to FIG. 4, there is illustrated a high-level ?oW 
diagram depicting steps performed during underrun avoid 
ance in accordance With one embodiment of the present 
invention. As shoWn at in FIG. 4, the process commences in 
relation to receive FIFO monitoring during full-duplex trans 
missions depicted in FIG. 3. Speci?cally, and as shoWn at step 
402, pause time control module 122, as deployed from device 
driver 110 or from Within the Ethernet adapter 108, monitors 
receive FIFO occupancy levels to detect underrun conditions 
as Well as the overrun detection explained With reference to 
FIG. 3. Similar to the overrun de?nition explained With ref 
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erence to FIG. 3, an “underrun” is preferably characteriZed/ 
de?ned as a precursor to a queueing problem. Speci?cally, an 
underrun condition in the receive FIFO buffer/ queue detected 
at step 402 does not preferably indicate a condition of Zero 
receive FIFO occupancy. Instead, an underrun condition may 
be detectedusing reference registers such as may be deployed 
Within the adapter to indicate When occupancy Within the 
receive buffer has reached or dropped beloW a speci?ed 
threshold (eg 15%, 8%, etc) that is greater than 0%. 

In response to a detected underrun condition, a MAC pause 
frame having a pause time value set to Zero (i.e. an XON 
frame) is delivered in accordance With 802.3x ?oW control 
convention (step 404). In further response to the detected 
underrun, and as depicted at step 406, the pause time value to 
be encoded in future XOFF frames (i.e. the T XOFF value) is set 
in accordance With an underrun XOFF adjust algorithm, such 
as that explained beloW With reference to FIG. 5. The setting/ 
adjustment of the TXOFF value is preferably performed by 
pause time control module 122 as deployed from device 
driver 110 or from Ethernet adapter 108. As further shoWn in 
FIG. 4, receive FIFO monitoring continues folloWing the 
remedial the T XOFF adjust steps. 

With reference to FIG. 5, there is depicted a high-level ?oW 
diagram illustrating steps performed during receive FIFO 
underrun XOFF adjustment in accordance With one embodi 
ment of the present invention. The process commences as 
illustrated at steps 502 and 504 With a receive FIFO underrun 
detected during full-duplex Ethernet transmissions. Proceed 
ing to step 506, the adapter generates and delivers an XON 
packet to prompt the remote station to commence or re 
commence data packet transmissions. Next, as illustrated at 
step 508, pause time control module 122, determines Whether 
or not the receive FIFO underrun condition detected at step 
504 Was immediately or otherWise proximately preceded by a 
detected receive FIFO overrun condition. Different criteria 
may be utiliZed to characterize the “preceding” condition. In 
one embodiment, for example, an overrun event “precedes” 
the detected underrun if the overrun occurred Within a speci 
?ed time interval prior to the temporal occurrence of the 
subsequent underrun. In an alternate embodiment, an overrun 
event is determined to precede the underrun in terms of MAC 
?oW control frame chronology. That is, Whether the overrun 
“precedes” the subsequently detected underrun is condi 
tioned on Whether intervening ?oW control conditions neces 
sitating MAC ?oW control frame generation have been 
detected. 
As depicted at step 510, in response to the preceding over 

run condition being met, the present TXOFF value is main 
tained for the next XOFF frame transmission. If, hoWever, the 
presently detected underrun Was not preceded by a detected 
overrun condition, a further determination is made of Whether 
or not the frequency of detected underrun events over a speci 
?ed period has reached or exceeded a speci?ed threshold 
level (step 512). If not, and as shoWn at step 510, the present 
TXOFF value is maintained for the next XOFF frame trans 
mission. If the inquiry shoWn at step 512 results in a determi 
nation that presently detected underrun condition is included 
in a set of such underrun events detected over a speci?ed 
interval resulting in an underrun frequency that exceeds the 
speci?ed threshold, the present T XOFF value is decreased by 
one or more speci?ed decrements units as shoWn in step 514. 

While the invention Will be described in the general context 
of an application program that runs on an operating system in 
conjunction With a personal computer, those skilled in the art 
Will recogniZe that the invention may also be implemented in 
combination With other program modules. Generally, pro 
gram modules include routines, programs, components, data 
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8 
structures, etc. that perform particular tasks or implement 
particular abstract data types. Moreover, those skilled in the 
art Will appreciate that the invention may be practiced With 
other computer system con?gurations, including hand-held 
devices, multiprocessor systems, microprocessor-based or 
programmable consumer electronics, minicomputers, main 
frame computers, and the like. 

While the invention has been particularly shoWn and 
described With reference to a preferred embodiment, it Will be 
understood by those skilled in the art that various changes in 
form and detail may be made therein Without departing from 
the spirit and scope of the invention. These alternate imple 
mentations all fall Within the scope of the invention. 

What is claimed is: 
1. A method for controlling data packet traf?c ?oW into a 

link partner device, said method comprising: 
detecting an occupancy level of a receive queue in the link 

partner device; 
Wherein the link partner device is an Ethernet adapter or a 

netWork sWitch; 
Wherein: 

said detecting an occupancy level of a receive queue in 
the link partner device is preceded by setting a pause 
time value to a default value; 

said detecting an occupancy level of a receive queue in 
the link partner device includes detecting a receive 
queue overrun condition; and 

said detecting a receive queue overrun condition 
includes detecting that the occupancy level of the 
receive queue has exceeded a pre-speci?ed level 
beloW a 100% occupancy level; 

said detecting an occupancy level of a receive queue in 
the link partner device includes detecting a receive 
queue underrun condition; 

said detecting a receive queue underrun condition 
includes detecting that the occupancy level of the 
receive queue has fallen beloW a pre-speci?ed level 
above a 0% occupancy level; 

responsive to detecting a receive queue underrun condi 
tion, delivering an XON ?oW control packet from said 
link partner device; 

setting the pause time value Within a How control frame in 
accordance With said detected occupancy level of the 
receive queue; 

Wherein said setting the pause time value Within a How 
control frame in accordance With said detected occu 
pancy level of the receive queue comprises: 
incrementing the pause time value by one or more speci 
?ed pause time increments; and 

setting the pause time value in accordance With an 
underrun-speci?ed XOFF adjust condition; 

Wherein said setting the pause time value in accordance 
With an underrun-speci?ed XOFF adjust condition 
includes setting the pause time value in accordance 
With Whether or not a last detected underrun condition 
Was preceded by an overrun condition in the receive 
queue; 

responsive to a last detected underrun condition being 
preceded by an overrun condition in the receive 
queue, maintaining the current pause time value in 
said How control frame; 

responsive to a last detected underrun condition not 
being preceded by an overrun condition in the receive 
queue, determining Whether or not the detected under 
run frequency in the receive queue exceeds a speci?ed 
threshold; 
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responsive to the detected underrun frequency in the transmitting the How control frame from the link partner 
receive queue exceeding a speci?ed threshold, decre- device to a corresponding remote link partner device. 
menting the pause time Value by one or more speci?ed 
pause time increments; and * * * * * 


